The chemical composition of the essential oil obtained from the aerial parts of Santolina chamaecyparissus L., growing in Algeria, was investigated by GC-MS analyses. A total of 36 compounds were identified, accounting for 91.7% of the essential oil obtained. Camphor (31.1%) and cubenol (17.0%) were the predominant compounds. The potential of the antimicrobial activity was also investigated and the tested sample proved to be very active against Klebsiella pneumonia and Candida albicans (34.1 ± 0.02 mm and 35.0 ± 0.01 mm, respectively). Transverse sections of the leaf and stem of the plant suggest that the essential oil is localized in endogenous and exogenous sites.
It is well-known that infectious diseases are the leading cause of death worldwide; the clinical efficacy of many existing antibiotics is being threatened by the emergence of multidrug-resistant pathogens [6] . For this reason, research is continuing for new antimicrobial agents, either by the design and synthesis of new ones or through the search of natural sources for antimicrobial compounds [9] . It is well-known that essential oils possess multiple pharmacological properties, including antimicrobial, antioxidant, anti-inflammatory and antispasmodic, which have been reported both in the treatment of animals and humans [10] [11] [12] [13] [14] . These observations prompted us to investigate the chemical constituents of S. chamaecyparissus essential oil collected from Algeria, and to evaluate its antimicrobial activity using the agar diffusion disc method. In order to correlate the kinetic behaviour with the localisation of the essential oil in the plant material, microscopic observations were carried out. The essential oil obtained by hydrodistillation was white in colour and obtained in a yield of 0.21%. The physico-chemical properties were measured as follows [15] : acid number: 3.30, ester number: 49.6, optical rotation: [α] D 18 : +13.0 (c 0.1, CH 2 Cl 2 ). The identified volatile components are listed according to their retention indices in Table 1 . In total, 36 compounds were identified, covering a percentage of 91.7%. The essential oil consisted of a complex mixture of different substances, with oxygenated monoterpenes being the dominating constituents, among them camphor (31.1%) and cubenol (17.0%). Due to their high amounts, their presence was distinct during the hydrodistillation. In addition, the monoterpene hydrocarbons, p-cymene (8.3%) and sabinene (4.0%), were major components.
The composition of volatile oils from various species of
Santolina has been previously investigated: S. canescens [16] , S. chamaecyparissus [17-19,20a] , S. corsica [20b], S. ligustica [20c], S. oblongifolia [21] and S. rosmarinifolia [22,23a] ; all species produced monoterpene-rich oils and exhibited quite diverse compositions. Giner [23b] separated 36 components from the volatile oil of S. chamaecyparissus. The major components were p-cymene + 1.8-cineole (5.8%), α-phellendrene + δ-3-carene (5%) and borneol (4.8%), in addition to three unknown sesqui-alcohols (18.9%). Haggag [24] mentioned that the volatile oil of S. chamaecyparissus fresh aerial parts contained 74 identified components with artemisia ketone (35.5%) as the major one. Artemisia ketone was also reported by Derbesy [25] as the major component in the same species, which was grown at the experimental farm of CEAMS in southern France. Other researchers reported similar results from different places [26] [27] [28] . In contrast, Usakov [29] and Misra [30] did not find artemisia ketone, but β-elemene, γ-cadinene, α-santalene, bisabolene, chamazulene or β-thujone, and p-cymene as the major compounds. Villar [31] found from the fresh leaves and flowers of the Spanish S. chamaecyparissus ssp. squarrosa the following components: camphor, allo-aromadendrene, 1,8-cineole + p-cymene, αmuurolene + bornyl, and isobornyl acetates as the major constituents. El Sahhar [32] stated that camphor, santolina alcohol The agar disc diffusion method allowed us to test the antimicrobial activity of the obtained essential oil against ten micro-organisms, as seen in Table 2 . The growth of Candida albicans and Klebsiella pneumonia was strongly inhibited by the essential oil of S. chamaecyparissus from Algeria. Surech [35] reached similar results to those given in the present study and revealed that the volatile oil of S. chamaecyparissus from India possessed potent antifungal properties against Candida albicans. In contrast, Inouye [36] Table 2 : Antimicrobial activity of S. chamaecyparissus essential oil expressed as the diameter of the inhibition zone in mm in the disk sensitivity assay.
*the sensitivity to the different strains was classified by the diameter of the inhibition zone as follows [38] : ++: very sensitive; diameter 15-19 mm; +++: extremely sensitive for diameter larger than 20 mm; nt: not tested. revealed that the essential oil of S. chamaecyparissus showed moderate activity against the fungus Trichophyton mentagrophytes.
The antimicrobial activity against Bordellata bronchiptica, Escherichia coli, Micrococcus luteolis and Staphylococcus epidermis was moderate. Previous reports showed that essential oil of S. corsica exhibited a significant antibacterial activity only against Staphylococcus aureus and Campylobacter jejeuni [20b] . In comparison with the present results, it appears that the antimicrobial effect of S. chamaecypatissus essential oil against Staphylococcus aureus is stronger than that of S. corsica essential oil. The results obtained suggest the possibility for using this species in the treatment of urinary infections and as a disinfecting additive on nosocomial area. It would be important to determine whether the antimicrobial activities are linked to the origin of the extract (aerial part), the nature of the solvent, or the used strain.
Cross-sections of the aerial parts (leaf and stem) were examined on a photonic microscope using the double colouring technique (methyl green and Congo red) [37] . According to these observations, the majority of the essential oil is localized in exogenous deposits in the stem, while leaves contain both endogenous and exogenous sites. These results are confirmed by the shapes of the kinetic curves (Figure 1) . 
Experimental

Isolation of the essential oil:
The essential oil was extracted from the fresh plant material by hydro-distillation for 2 h using a Clevenger-type apparatus, according to standard procedures [39] . The essential oil was dried over anhydrous sodium sulfate and stored at 2-4°C in a sample vial in the dark. The yield was defined as follow [40] : Gas chromatography: GC analyses were performed on a Perkin Elmer 8500 gas chromatograph with FID, fitted with a fused silica DB-5 MS capillary column (30 m x 0.25 mm (i.d.), film thickness: 0.25μm). The temperature of the column was programmed from 60ºC to 250ºC at a rate of 3ºC /min. The injector and detector temperatures were programmed at 230ºC and 280ºC, respectively.
Microorganisms
Gas chromatography -mass spectrometry: GC-MS analyses were performed on a Hewlett-Packard 5973-6890 system operating in EI mode (70 eV) equipped with a split/splitless injector (220ºC), a split ratio 1/10, using 2 different columns: a fused silica HP-5 MS capillary column (30 m x 0.25 mm (i.d.), film thickness: 0.25 μm) and a HP-Innowax capillary column (30 m x 0.25 mm (i.d.), film thickness: 0.50 μm). The temperature program for the HP-5 MS column was from 60ºC (5min) to 280ºC at a rate of 4ºC/min and for the HP-Innowax column from 60ºC to 260ºC at a rate of 3ºC/min. Helium was used as the carrier gas at a flow rate of 1.0 mL/min. The injection volume of the sample was 2 μL. Retention indices for all compounds were determined according to the Van der Dool approach [41] , using n-alkanes as standards. The identification of the components was based on comparison of their mass spectra with those of Wiley and NBS Libraries and those described by Adams [42] , as well as by comparison of their retention indices with literature data [43] . Optical rotation was measured on a Perkin-Elmer 341 Polarimeter.
Evaluation of the antimicrobial activity:
The agar disc diffusion method was used for the determination of antimicrobial activity of the essential oil [44] . The following Gram-negative bacteria were used: Pseudomonas aeruginosa (ATCC 9027), Escherichia coli (ATCC 4157), Klebsiella pneumonia (ATCC 4352), Bordetella bronchiseptica (clinical strains isolated directly from patients at the "Centre Hospitalo-Universitaire", Algiers, Algeria), as well as the Gram-positive bacteria: Staphylococcus aureus (ATCC 6538), Staphylococcus epidermis (ATCC 1228), Enterococcus faecalis (ATCC 6569), Micrococcus luteus (ATTC 9341), the fungus: Candida albicans (ATCC 2601) and the yeast: Saccharomyces cerevisiae (ATCC 9763).
The bacterial species were cultured overnight at 37ºC in Müller-Hinton medium (Bio-Rad), while C. albicans was maintained on Sabouraud Agar (SDA). Suspensions of the tested micro-organisms (0.1 mL of 10 7 -10 8 cells/mL) were spread over the surface of Petri plates. The inocula were stored at +4ºC until further use. The samples were dissolved in a final concentration of 20% saline solution, using up to 2.0% Tween 80 (0.9% NaCl and 20% Tween 80, ratio 1:10) in order to facilitate the essential oil dispersion [45] . Filter paper discs (Whatman no. 1; 6.0 mm in diameter) were impregnated with 20 μL of the sample and placed on the inoculated agar plates. Saline solution using up to 2.0% Tween 80 was used as a negative control [46] . Standard antibiotics (Amikacin 1 mg/mL and Myconasol 10 mg/mL) were used in order to control the sensitivity of the tested micro-organisms.
